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Multi-objective optimization of food sorting robot trajectory based on

improved uniform B-spline
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Abstract: [Objective] Aiming at the limitations of low operating efficiency, high energy consumption, and poor stability in traditional
trajectory planning of Delta robots during food sorting, this study proposes an optimized trajectory scheme to effectively reduce operation
time, lower energy consumption, and improve operation stability. [Methods] On the basis of the architecture of the food sorting system, a
trajectory optimization method for the Delta robot is proposed, which combines quintic uniform B-spline curves with multi-objective
optimization. Firstly, the trajectory is planned using quintic uniform B-spline curves to minimize motion impact. Subsequently, a multi-
objective optimization model integrating time, energy consumption and stability is constructed. This model is solved using an improved
multi-objective particle swarm optimization algorithm, which incorporates adaptive weight adjustment and crowding ranking optimization,
to obtain the optimal trajectory parameters. Finally, an experimental platform is constructed to verify the effectiveness of the proposed
method. [ Results] Compared with conventional methods, the experimental method reduces robot operation time by over 9.50%, decreases
energy consumption by over 9.00%, and improves stability by over 18.00%. Meanwhile, it maintains an actual sorting accuracy above
97.50%, with an average sorting time of less than 0.80 seconds. [ Conclusion] The proposed method achieves multi-objective collaborative

optimization of operation time, energy consumption, and stability, effectively improving the operation performance and stability of Delta
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robots in food sorting scenarios.

Keywords: Delta robot; food sorting robot; trajectory planning; quintic uniform B-spline curve; multi-objective optimization; multi-

objective particle swarm algorithm
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Figure 1  Sorting system structure
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Figure 2 Solution process
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Ry k2 46 G 3 56 T B Tk AR S BR 3 SE VR 3 e

80 mm X 25 mm (J 37 /AL ) BT HE 15~20 g/48 (A1) |
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HEAT B 0 o 4, A% 36 B2 43 532 100, 200,300 mm/s
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BT AR RRZEIES,

ph e 5 al A FE A DN R T & X\ Y. Z 34 Ak bR
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Table 5 Errors of algorlthms at different transmission
speeds
R/ . MOPSO Sciiklo] IRk
(mm-s ') b WE/mm  #E/mm B2 /mm
100 X 0.30 0.25 0.20
Y 0.40 0.30 0.20
V4 0.40 0.35 0.30
200 X 0.50 0.40 0.20
Y 0.60 0.50 0.40
V4 0.70 0.60 0.40
300 X 0.80 0.65 0.50
Y 0.80 0.70 0.50
VA 0.90 0.75 0.50
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Bl I 7 B (Bl E MOPSO) 9 58 i1 1% 22 Y i/ . TE
100 mm/s K #3556 F L 398 Jr 2L 7 XL Y. Z Bl 0 158 24 40 1)
4 0.2,0.2,0.3 mm, % #5 i MOPSO 43 Jill F# ik 33.30%,
50.00%,25.00% , % SCHk[ 9179 53 51 B A% 20.00%, 33.30%,
14.30% 7€ 300 mm/s i B 37 50T L 5 7 15 A 34~ 2 AR
Al 15 22 R E FE 0.5 mm, B4R fE MOPSO [ AIK 37.50%~
44.40% , % SCHR L9 1 AR 23.10%~33.30%, 3¢ 43 B 3E T
T 50 JUT 4 o SR W KT S ARG B A BR AR . 20t 100 1K
A8 SR AR M 0t 3K 56 T 9k 04 S A6 1R 25 R H B A VR AR B
A, BLIR SRS AE AR KO, 3R W] LA R ) 3 2232 17
Yysoh BA R RO L BERE T 2 Tl fb it &2 & 5 oy
PR T SRR R . 25 L, 6 i 42 ki MOPSO BvA 7R
[Fi) 4% 32 8 T ) o0 A B L R N L I — B e i

X HE-ETFUHHOBEENERSHENEANTS BIRHNALTE

S M A M 38 B A T AR o MOPSO M SCHk[9 111,
Delta ML &5 A b 43 PR 90300 00 Ak B 4k 7 0 o B o w A
B HEAR

Ry 3k — 25 56 0 3 46 T 2 260 R Ak 1k A S R i B AR
b3 5 A B O M | ik EOCSCR [ 11 148 Hh i 20 NURBS Hft
LA 2 Bhnthib ik Skl 12 [ Bl A 3-4-5 Kk £
i 342 2h B 5 R TR A2 sh B O T 1R S 6 EL 3 o 4395
H tr o 48 %€ UF T 500 4, % 3% 38 B2 43 5 4 100, 200,
300 mm/s, D435 1 T 6 (0 i 4 FL v M v A B A IX B
BET A B T 35 43 A e ) (B A% DA TR B ik Y SF
BIRERT) 0 (R HBUDR T AR 2 60 A 48 5L
7 HG ) 3 A A% 0 TR RE R Ak A VT AR AS TR Oy v 1 2 B Ry
BOR RN R M Rk R UL 3R 6.

Fo6 ATRAERITHIERE

Table 6 Sorting performance of different methods

100 mm/s 200 mm/s 300 mm/s
o ﬁzﬁfm ii;ﬁf B % %zim iﬁ;}f % 6’? /Oﬁiw ﬁ?{;’f B %
Sk 1] 96.20 0.960 1.90 93.80 0.840 3.10 88.50 0.725 5.75
k[ 12] 97.50 0.875 1.25 95.60 0.760 2.20 91.20 0.650 4.40
AR 99.40 0.765 0.30 98.80 0.635 0.60 97.60 0.525 1.20

M1 % 6 AT, 356 5 1k 1 A0 R ) R 2 e, HLIR &
T4 7E 97.60% LA (300 mm/s /5 38 37 5, e Scik [ 11148
Tt 9.1%~10.3%, # SCHk [ 12142 T+ 6.40%~8.50% ., X 5 Jy
10 - 35 43 HR I DA 45 R TR 24 5 A, 300 mm/s B X
0.525 s/4% , B SOk [ 11] 45 %6 27.60%, %8 SC ik [ 12] 4 5
19.20%, £8id 500 4% 3% 22 73 PRl ik, X80 75 vk 19 4 4 e )
R B RS | U BT i R R AR
FE 1.20% A A5, T SCHRL 1L 1A SRR L 12 )76 3% Z2 7R\l 48 45 %
L BT 78.13% F172.73% . 45 L, iR BT B A4k
VAR B R R 1Y 500 4% 3% 22 4 Bl 5 b 7R 4 BT
R PRER 5 5 ) B S A AR R T 4 0
by R Sk [ R Sk [ 12 ] B L A
il DT B 4 o a3 v v S IR 5 R 0 T R L L
AL 2 B i A B A o R L TR IR AR
4 g

T B X i 2 5 37 5 b Delta HLEF AL S8 U M
RNAEAE W IBATRORAR REFER R M2 S I i 48 1 T
— P IR I 5 B RS IR 25 B £ B AR Ak i B A 4k )y
Yoo SERFW RIS HECR RS REENE
H b U R AL, 25 G M RE B 8 0 FEa X ik AR
THRMEMOPSO 5k 5 SCHR[9 ] Btk MOGWO 2 L il 4
07 9 By 38 7 I ] 45 58 9.50% LI L, BEFERE MK 9.00% L) L,
T MEFR AR R AR 18.00% LA b, 28 A1 22 B 1% 23.00 D) I ;

FE ST RV AR 5 D, BT HR TR U R AR AR 97.60% L I,
P05 ZE AR AE 1.20% LAPY 1K F STk [ 1119 5.75% F15C
k(12119 4.40% , 25 53 5 B 18] B J5 4 0.525 s/4% , X 1
J7 40 5 19.20%~27.60% . J SE 1] LIN %5 £ 3 5 H 1 N
PEA Bk 55 0045 AR 0 VR B LA AN 22 HL AR N P R] 4 Ak
55 1) T S ER AT <
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